Three-dimensional topological insulators (3D TIs) form a new class of quantum matter with an insulating bulk and conducting Dirac surface states topologically protected against time-reversal invariant perturbations. Spin momentum locking of the Dirac electrons opens up a variety of novel electronic phenomena and possible applications [1] [2] [3] [4] [5] .
substrate. The nanoribbons become bulk-free, by size depletion of carriers for thicknesses below 30 nm.
Free-standing bismuth chalcogenide nanoribbons Bi 2 Se 3 were grown on a glass substrate using a catalyst-free PVD method 23 . Nanoribbons obtained with this method have a thickness between 10 -80 nm, and width ranging between 50 to 450 nm; the length can be up to 30 µm. The nanoribbons were mechanically transferred to an n-type doped Si substrate with a 300 nm thick layer of SiO 2 . The electrodes were defined using electron-beam lithography followed by evaporation of a gold layer. Prior to the deposition of 80 nm of gold, the samples were etched with Ar + ions and 3 nm layer of Ti or Pt was evaporated to achieve ohmic contacts. 
where we have considered a correction factor to account for the actual width of the nanoribbon w and the distance between the transversal contacts w H 24 . In Eq. (1) e is the elementary charge and t is the nanoribbon thickness. The value of R H , measured in a magnetic field range of ± 14 T, always shows a negative slope, indicating n -type carriers. Fig. 1b shows the temperature dependence of the nanoribbon sheet resistance calculated as "",9:. = "" × / , where L is the distance between the longitudinal contacts. Nanoribbons with thicknesses above 30 nm show a pronounced hump of the R xx,sh. with a maximum at around 220 K.
Below this temperature the resistance decreases with the temperature reaching a saturation at about Table S1 ). We have obtained similar results for two other nanoribbons with thicknesses ≤ 30 nm (Suppl. Info. Fig. S1 , Table S1 ). The intercept extracted from the Landau level diagrams for these nanoribbons is close to 0.5 as expected for Dirac fermions possessing a Berry phase φ B = 2πβ = π 26 . Because of the rather low carrier concentration, the highest magnetic field in our experiment (B = 14T) populates low order Landau levels (close to n = 0), which makes the extraction of the Berry phase quite reliable (see Suppl. Info. S3).
The angular dependence measured for this thin Bi 2 Se 3 nanoribbon shows a typical ~ 1/cos( ) dependence, where θ is the angle between the magnetic field direction and the surface of the nanoribbon. This confirms the 2D nature of the SdH oscillations (see Suppl. Info., Fig. S4 ) and allows us to conclude that the observed SdH oscillations in nanoribbons with t ≤ 30 nm originate from a single TSS. We assign these TSS to the top surface (at the interface with vacuum) of the nanoribbon. This is because the SdH oscillations, for all nanoribbons, are not affected by a gate voltage while the Hall conductance can be tuned by a bottom gate (Suppl. Info., Fig. S9 ). We also exclude that the TSS at the bottom interface (in contact with the substrate) would contribute to the frequency F we extract from the SdH oscillations, since this would lead to a modulation of F by an applied gate voltage. The fact that the TSS at the bottom surface do not generate SdH oscillations up to 14 T could be related to its overlapping with the charge accumulation layer formed at the interface with the substrate, as we will show below. In our two-carrier analysis, we have considered that the TSS at the bottom surface has a carrier mobility similar to the one of the trivial accumulation layer allowing us to describe both bands by a single carrier concentration n Int . This assumption accounts for: a) the very good fitting of the conductance tensors without the addition of a third band and b) the fact that the TSS at the bottom have a much lower mobility. Indeed, in the case of comparable mobility between the TSS at the top and bottom surface one would expect to detect clear signatures in the SdH oscillation that we do not observe. Finally, the relatively lower mobility of the carrier bands at the interface with the substrate (accumulation layer plus TSS having similar mobilities) makes the condition µB >> 1, to observe quantum oscillation, not fulfilled at the fields used in our experiment (up to 14 T). The low carrier mobility of the carrier band at the interface with the substrate could possibly be related to an increased electron-electron scattering due to the larger carrier concentration compared to the top surface.
The Hall conductance gives n 3D,H = 4 × 10 18 cm −3 for thicknesses t > 40 nm (see Fig. 1c It is also worth pointing out that the temperature dependence of n 3D shown in Fig.1d cannot be attributed to a temperature dependence of bulk carriers. Indeed by assuming a temperature independent band bending the overall n 3D should stay rather constant for a Fermi energy of 60 meV (Table 1) To conclude, our results highlight the promise of controlling the properties of TI materials through growth techniques and dimensionality and establish TI nanoribbon as a viable platform to study new phenomena and effects deriving from the topological protection of the surface states.
Furthermore, it shows that post-growth treatment is not necessary to achieve bulk-free transport, significantly simplifying and lowering the requirements for eventual applications of these nanomaterials
Methods:
Transport measurements were performed in the Physical Property Measurement System (PPMS)
by Quantum Design, equippe with a 14 T magnet and a base temperature of 2 K. Solving Poisson's equation requires two boundary conditions, which we choose based on input from the experimental measurements. We set them by fixing V(z) at the two ends of the simulation cell. For the simulations shown in Fig. 3a we impose that the CBM is 300 meV below E F at z = 0 and 10 meV above E F at z = t. The resulting average electronic charge density from these simulations: is shown in Fig. 3c as function of t. For the simulations shown in Supplementary Information Fig. S10 we choose V(0) such that the electronic charge density integrated from 0 to t -3 nm: is within 1% of the value n Int shown in Table 1 while at the top surface we impose that the energy of the Dirac point equals the value E F TS shown in Table 1 . 
1-1) Thin nanoribbons (t<35nm)
In Fig. S1 -a we show Shubnikov-de Haas (SdH) oscillations for three nanoribbons with thicknesses 26 -31 nm. The Fast Fourier Transform (FFT) spectra give one dominating frequency (F) around 100 T (Fig. S1-b) . The determined frequency of SdH oscillations is used to calculate the 2D carrier density n 2D,SdH = k 2 F /4π = 2×10 12 cm −2 (Table S1 ).
The cyclotron mass m c is calculated in agreement with the Lifshitz -Kosevich theory. The Table S1 . To evaluate the 2D carrier mobility we performed a Dingle analysis (Fig. S2-b) . Here we extracted the quantum lifetime τ according to the relation
, where the thermal factor λ = 2π 2 k B Tm c /eB. Extracted τ was then used to calculate the 2D carrier mobility µ SdH = eτ/m c , where m c is the cyclotron mass.
Determined values of the µ SdH are given in Table S1 . The dashed curves correspond to the fit used to extract the cyclotron frequency. N = 7; 8; 9 are assigned Landau indexes for several oscillation peaks. b) Dingle plots of three nanoribbons listed in Table S1 . Solid -transparent lines are the fits used to extract the quantum lifetime and the corresponding 2D mobility. 2) "" ≫ "# , "" ≈ 1/ "" ; max in "" is min in "" .
By converting magnetoresistance data to conductivity tensor, we find that the "" < "# (see also Fig. 2b in the main text, where the conductance tensor data is plotted for the two-carrier analysis)
and min in "" should coincide with min in "" .
Fig . S3 -a shows SdH oscillations for nanoribbon B13-E5, thickness -30nm. Both Δ "" -tensor and plain Δ "" (=1/ "" ) data with removed polynomial background are plotted. As expected for "" < "# condition, minima in "" -tensor occur at the maxima of plain "" (or at minima of "" ). The SdH oscillations in "" -tensor have with a lower amplitude and are noisy compared to plain "" due to the impact of low signal to noise R xy data. Therefore, the best way to construct the Landau level diagrams for our Bi 2 Se 3 nanoribbons would be to index the minima Table   S1 .
To validate if the linear fitting in the Landau level fan diagrams is performed correctly, we plot the residual Δ1/B values from linear fit as a function of Landau indices N. As one can see, the residual of linear fit is scattered around zero for all three nanoribbons (Fig. S3-c) .
The deviation from the value 0.5 for the extrapolated intercept expected for a linear Dirac dispersion is most probably caused by a parabolic contribution to the Dirac cone, which shifts the observed Berry phase extracted from SdH oscillation towards zero 3 . Such a parabolic contribution to the Dirac cone is consistently observed in ARPES measurements of Bi 2 Se 3 crystals. 
1-2) Thick nanoribbons (t>35nm)
Thicker Bi The FFT spectra of this nanoribbon gives three frequencies: F 1 , F 2 and F 3 . Two higher frequencies F 3 = 127T and F 2 = 90T follows 1/cosθ dependence and they clearly originate from a 2D Fermi surface. These frequencies represent topological surface states at the nanoribbon top surface (see discussion in main text). The fact that there are two 2 oscillation frequencies with the 1/cosθ dependence can be related to existing terrace in the nanoribbon top surface (see AFM image of this nanoribbon in Fig. S7 ). Corresponding 2D carrier density calculated from F 2 and F 3 is 2.2 and 3×10 12 cm -2 , which is similar with those carrier density values extracted from a singlefrequency SdH oscillations (see in Table S1 ).
The lowest F 1 = 70T shows deviation from 1/cosθ dependence and is attributed to the bulk electrons. The bulk carrier density is calculated as n 3D = 1/(2π) 
2) Hall effect in individual nanoribbons
To extract the total Hall carrier density (and to perform a two-carrier analysis as discussed 
3) Gate dependence of R xx in individual nanoribbons
Fig S9 depicts gate dependence of the longitudinal resistance R xx at temperature of 2 K for nanoribbons with different thicknesses. The 3D TIs are ambipolar materials and the gate dependence of the R xx can give additional information about the charge neutrality point (CNP), which usually is observed at large negative voltages in case of SiO 2 as a gate dielectric 6, 7 .
The CNP can be reached for a thinner Bi 2 Se 3 nanoribbon. As shown in Fig. S9 -a, the CNP of the top surface (more than tenfold increase of R xx ) is reached at a back gate voltage of -70 V.
The main reason for applying such high gate voltage is to compensate the accumulation layer at the TI interface with the substrate.
For the 65 nm thick nanoribbon we do not reach the CNP even for applied voltages of -90V
( Fig. S9-b) , which is compatible with the existence of bulk charge carriers in parallel with the surface states at the top TI surface and the accumulation layer at the TI interface with the substrate.
The fact that in thick nanoribbons we have bulk carriers makes it close to impossible to reach the charge neutrality point at the TI top surface. Table 1 . Dielectric constant used in the simulations ε = 100.
5) Aharonov -Bohm oscillations
The longitudinal magnetoresistance of the Bi 2 Se 3 nanoribbon B8-C1 (t = 31 nm, w = 260 nm) as a function of axial magnetic field is shown in Fig. S11 . The R xx oscillates with the period of ∆ = Φ C / , where Φ C = ℎ/ is the magnetic flux quantum and is the cross-section of a nanoribbon 8 .
The cross-section area is calculated as = × = 8.06 × 10~3
• m 2 . This value of crosssection would correspond to the oscillation period of 0.51 T, which is different than the experimentally observed ∆ = 0.79 T (Fig. S11) . This discrepancy suggests, that the effective 
